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The purposeof thisp<1per.is to advocatethat
tenchcrsbeencouragednndhelpedtodevelopnn
overtanddeafepistemologicalunderstandingof
themethodsandstructureof science,i.e., the
natureofscience(NOS).I havetriedtodefinethe
conceptsthatconstituteNOSessentialforschool
science.I alsowanttohighlightsomeofthechal-
lengesfacedin attemptsto introduceNOS in
inserviceteachereducationi Pakistan.
Pakistanfacesintractableproblemsin education'
ingeneral(Hayes~1987)andtenchereducationi
\ particular(Khaiid,1996).However,overthelast
decadeanumberof teachereducationi stitutions
like the Aga Khan University,Institutefor
EducationalDevelopment(AKU-IED) .andAU
Instituteof Education,to nameonly few,are
changingthelandscapeof teachereducationin
. Pakistanby providingfield.based.teachereduca.
tion.
Teachereducationprogramsin Pakistando not
jnc1udeNOS aspartof theirsyllabus.However,
thesciencecurriculumforpupilsfromclassesone
toeightdoesaddressNOSbyincluding,"scientific
literacy"asoncofthc aimsof teachingscience
(GovernmentofPakistan,2000).Scientificlitem~
cy assumesnn understandingof NOS (Driver.
Leach,Millar& Scou,1996).My expcrieI\cehas
shownthatscienceteachersin P.akistanhavenot
givensufficientattentiontothisessentialimof
scienceducationbecausetheirownexperiences
assciencestudentshasnotpreparedthemtodeal
withthiscomponentofscience.Furthennore,pre.
_serviceandinservicetcacherducationprogrnms
do notprepareteachersto teachabolltscience.
thefocusis moreonteachingcontentknowledge
andmethodsof teaching.
RcconccptualizingScienceTeacherEducation
The reconceptuntizationf curri~ulumin the
1970'sand 1980'shasencourageda viewthat
rejectstheconceptof acurriculumasonabstract
concept,whichhassomeexistenceoutsideond
prior to humanexperience."It is not on the
teacher'sshelfthatonelooksforthecurriculum,
butintheactionsoflhepeoplengagedineduca-
tion"(Grundy,1987,p.5).\Vithinthbconception
of currlculum,tencherdevelopmentandcurricu-
lum~evclopmentis n dialecticalprocess.Many
~ountrie:;thatare restructuringand reforming
theireducationalsystemsandcurriculatomeethe.
needsof thcpostindustrialgehaverecognized
.hat the teachersare thekeysto educational
change.Thateducntionalinnovationsca.nnotsue.
ceedif teachersarenottnkenintonccountisnles.
sonthatisbeingslo\vIylearnt.Hence,if changeis
tooccurin the,vayscienceis taught,it hnstobe
mediatedthroughtheteacher.Onlybybringinga
chanj;eintheteacher'swayof thinking,will the
changebe long lasting.Anotherreason'matI
odvocoiea r'CconceptuaJizntionof teacherknowl.
edgeaboutNOS isbecauseit.isalwayspresentas
the "hidden".curric~.dum(Dreebcn1976).The
NOShasnovcrbeen.absent.fromtbecurriculum,
itis justncvcrd:pJicitlystatc~(Matthews,1994).
NeedforNOSiRTcachcrEducation
, .
JndudingNOS ins~hoolscienceisnotanewor
novelproposal.De\vey(19(6)putforwardthe
argumentthatunderstanding~cientificmethodis
moreimportantthantheacquiSitionof scientific
knowledge.Schwab(1964)echoesthesameviews
whenhe complainsthatscienceis taughtasa
"rhetoricof conc1usions"ratherthanenquiry.
ConsensusaboutheimportnnceofNOSinschool
scienceis extensive;manydifferentproCessionaJ
organ.izatlons,stichastheAssociationforScience
Education(1981)in BritainandtheNational
ScienceTeachersAssociation(1995),have
embracedthecallforincludingNOSinschoolsci.
encecurriculum.
Despitetheprevailingconsensusfordemandsfor
inclusionofNOSinschoolscience,thereisample'
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researchevidencethat.irrespectivcof nctldemic
background,sciencetC3chcrsposscs<s11limited
knowledgeuboutNOS (Koulnidis& Ogborn.
1995;McJJado,1997).Benson(1989)hasnoted
th:\tmanyscienceteachersmisundctStandnd
misrepresentNOS.TobinnndMcRobbie(1997)
believethistobeaproblem.bccnu.c;ctheteachers'
viewsof NOS cnninfluencetheirstudents'con-
ceptionsof science.Hmvc'vcrtthe influenceof
teachers'conceptionsofNOSonthcirclassroom
practicehas not beenadequatelyresearched.
McComa$.Atrnnzronn dCrough(1998)contend
thaIwhiletherelationshipbetweentheteacher's
NOSknowledgeandtheirpedagogicaldecision-
makingis notstmightforward,a complexinter-
p!uydoc.~existTherefore,itcomesnsnosurprise
thatpupUshavealternatefmmeworks(tboutNOS,
(Ryan,1992).Thereis researchevidence.albeit
limited,thatscienceteficher$lnP~lkjstanalsohave
an inadequateunderstandingof NOS (HnJai.
i999).Not knowingaboutscience,thescience
tcacherscontinuetotcachscicncensacotlcclion
of fncts.Thevidouscycleof science*as>.Conec~
don-or.factsapproachesto sciencetcaching
breedstudents.whogoon tobecometeachers,
andwhoemulatetheirteachers.andthecyclecoo*
tinnes.!tis importnntthatthiscycleisbroken.
"'hat is mCtlntbyNOS?
Thedifemmais thatbeforeanunderstandingof
NOS cnnbe fosteredin students.thescience
teachersneedtohavenfnirlysophisticatedunder-.
standingofit.TheNOS.~CiU1$Cit isbothaprob...
lemnticnndcontcntiousconcept.is difficultto
define.Hodson(1991)agrees.andwrltesthnt
"whileit is apparentth$llno single,universally
acceptedviewof sciencemergesfroma c()nsi~
derationof theliterature,thcreis n measureof
agreementona numberof points.relevanttothe
schoolsciencecUfTkulum1f(p.21).TheNSTAin... .
npositIonpaper(2000)haslistedtheconceptsof
NOSthatateimportantforschoolscience.1have
provided,below,anabbreviatedcopyofthislist:
. Scientificknov{lcdgcis simuttaneouslyrcli-
nblenndtentative.
. Althoughnosingleuniversalstcp~by-slepsei.
cntificmethodcapturesthecomplexityof
doingscience,anumberof srntredvaluesand
perspectivescharacteriz.eascientificapproach
tounderstandingnature.
. Creativityisavital,yetpersonalingredient.in
theproductionof scientificknowledge.
. A primarygoatof &Cien~eistheformationf
theoHesandlaws.whicharctermswithvery
specificmeanings.
, Contributionsto ciencecanbemadenndhave
beenmadeby peopletheworldover.
. ThcscicnHficquestionsasked.theobserva-
tionsmade.nndtheconclusionsinscienceare
tosomcextentinnuencedbytheexistingstale
of scientificknowledge.thesocial.cuhural
contextof therC$carchcr.nndtheobserver's
experiences.andexpectations.
. Thehistoryofscicncerevealsbothc"olutiona-
ryandrevolutiouarychanges.\Vithnewevi-
dence and inlerpretn!i<>n.old ideas nte
replacedorsupplemenredbynewcrones.
Chancng~sFttccdinTcadl1ng.oboutNOS
\Vhiletea.chinga sciencemethodscourseaspart
of a team!atAKU..IED,I studiedthreeeI.emcn-
taT)'tetlchcrstdevelopingundersumdingof NOS.
whileengngedinprnctiClIbn'pds«onscience.The
predomlnnntmode.of .datacQHectt<>nwasinter~
views.Theanalysisof thedatngiYCSsomeunder..
stSlnding1nto11owelementarYt.ettchers.wh<>do
nolnecesswilyhuvcpreparationin sclence.leurn
nbout.NOSin,thecontextof Pakistan.Thefind-
ingsindicatetJ~ntprncticu1.hands..onactivitiesare
helpful,butthereisa n~:dfOf;moreov-ertteach1n~
ofNOSundexplicitdi$cu$sidnof theconceptsof
NOS~astheyrelatetoettohp~ncticalnctivity.The
t\\'oteaehcrswhodidnotha,veabackgroundin
sciencehnddifficultyin bordercrossingfrom
theirownsubjectsub-culturelsto thecultureof
science.nut. thesurprisingfindingwasthatthe
thirdteacher,who-wasa sciencetoucher,hnd
greaterdifficultyin acceptingideasnboutNOS
suchas:mostscientificobservationsaretheory
based.II is myconjectUrethathescienceteacher
beingsocializedin n verypositivisticconceptiou
I.'O:Icirntlmesin uJph:\betiC41JordernteMs. Ch;ttnn
P4Irohan.Dr. SadruddinPardh..m.i1ndDr.AI.mWh~cler.
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ofsciencehadmoredifficultyinchangingbeliefs,
ascomparedtotheothertwoteachers,whodidnot
havemuchexperienceof teamingandteaching
science.
It is clearthatreconceptualizingtheideasabout
NOS is veryimportant(orscienceteachersnnd
scienceteachereducators.This studygivesnn
insightintothedifficultyof theprocessofbring-
ingaboutsuchchange.Ithasalsoraisedanumber
ofquestions,themo.stimportantbeing:Whatdoes
NOSmenninthecontextofDMuslimsocietylike
Pakistnn?I supportan inquiryapproachto the
introductionofNOStoteachereducationcurricu-
luminPakistan.-sothatwelearnin theprocessof
implementationf thispolicy.
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